ectomy with central neck dissection. Three patients had reactive changes after FNA due to needle passage. Among these 3 patients, 2 had pathologically confirmed metastatic PTC in dissected lymph nodes. These 2 patients could be defined as true disappearing PTC in the thyroid after FNA. The remaining 3 patients had neither histologic alterations nor evidence of PTC in the thyroid and lymph nodes specimens. Conclusions: Both disappearing PTC and a false-positive result of FNAC should be considered in patients with positive cytology findings and a negative histological diagnosis of PTC in the thyroid.
Introduction
Fine needle aspiration (FNA) is a rapid, cost-effective, and safe test, which is widely used for the diagnosis of thyroid nodules [1] . The positive predictive value of a malignant FNA cytology (FNAC) result is 97-99% according to the Bethesda system [1] . The sensitivity and specificity of thyroid FNAC results have been reported as 65-99% and 72-100%, respectively [2] [3] [4] [5] . However, the false-pos-itive rate of FNAC results in thyroid cancer has been reported as 2-10% [3] [4] [5] .
It is very rare to have a result of no evidence of malignancy by histological evaluation of the thyroid in patients with a preoperative cytological diagnosis of papillary thyroid carcinoma (PTC) [6, 7] . One report noted disappearing thyroid tumors after FNA in 3 patients [7] . One of the reasons for a positive cytology finding and a negative histological diagnosis of PTC in the thyroid is a false-positive diagnosis of PTC by FNAC. Some benign or malignant conditions of the thyroid may have a characteristic nuclear atypia similar to PTC in FNAC findings such as intranuclear grooves and intranuclear pseudoinclusions [6] . Histologic alterations in thyroid nodules including hemorrhage, vascular thrombosis, fibrosis, infarction, fibrinoid necrosis, cystic degeneration, pseudocapsular invasion, and squamous metaplasia can be seen after FNA [8] . These histologic alterations in surgical specimens can pose a challenge for the pathologist and are another potential cause of a positive cytology finding and a negative histological diagnosis of PTC in the thyroid.
The aim of this study was to evaluate the clinical characteristics of patients who had consistent findings of PTC in FNAC and no evidence of malignancy in surgically removed thyroids.
Subjects and Methods

Definitions
Positive cytology findings and a negative histological diagnosis of PTC in the thyroid was defined as thyroid nodules with FNAC findings of PTC prior to surgery and no evidence of malignancy on histological examination of surgically removed thyroids.
Subjects
Patients who underwent FNA and thyroidectomy in Asan Medical Center from 2004 to 2012 were retrospectively reviewed. First, patients with FNAC findings of PTC prior to surgery were included, and then their histological reports of surgical specimens were reviewed to determine if the results were reported as negative for malignancy. This study protocol was approved by the institutional review board of Asan Medical Center.
FNAC Procedure
All FNAs were performed under ultrasonography (US) guidance with freehand technique using a 23-gauge needle connected to a 10-ml syringe as previously reported [9] . There were at least two needle passages for FNA in most cases.
Cytology and Histology Analysis
FNAC specimens were immediately fixed with 95% ethanol and Papanicolaou staining was performed. Surgical specimens were immediately placed into 10% neutral buffered formalin solution and were fixed and stained using a standard protocol. The total thyroid was submitted for microscopic examination and all slides were further evaluated using deeper sections. Two expert cytopathologists (D.E.S. and G.G.) independently reviewed FNAC and histology specimens in patients with positive cytologic findings and a negative histological diagnosis of PTC in the thyroid. They evaluated cytological samples, surgically removed thyroid, and cervical lymph nodes (LNs) twice to scrutinize all samples for missing malignancy or other thyroid pathologies.
Results
Overall Clinical Characteristics of Patients with Positive Cytology Findings and a Negative Histological Diagnosis of PTC in the Thyroid
We initially found 21 patients who met our inclusion criteria. Fifteen cases were excluded due to missing FNAC specimens in 9 cases and a change in cytopathological diagnosis in 6 cases.
Among the remaining 6 patients who met the study inclusion and exclusion criteria, there were one male and 5 females with a median age of 50. Two patients underwent hemithyroidectomy with central neck dissection (CND) and 4 patients underwent total thyroidectomy with CND. In 2 of the 6 patients (patients 1 and 2), metastatic PTC was found in dissected cervical LNs, and they received radioiodine ablation therapy after surgery. There was no evidence of metastatic PTC in dissected LNs in the remaining 4 patients (patients 3-6; table 1 ).
According to histologic evaluation, thyroid tumors were completely replaced by reactive changes including fibrosis, hemorrhagic infarct, and cholesterol granuloma owing to the preoperative FNA procedure in 3 patients (patients 1-3), including 2 patients with pathologically confirmed metastatic PTC in their LNs. Three patients were truly resolved papillary microcarcinomas after an FNA secondary to infarction, fibrosis, and inflammatory changes. Four patients had other benign thyroid diseases in thyroid specimens including 2 patients with chronic lymphocytic thyroiditis (patients 1 and 4) and 2 patients with nodular hyperplasia (patients 3 and 5).
Patients with Confirmed Metastatic PTCs in Cervical LNs and no Evidence of PTC in the Thyroid
Among 6 patients with positive cytology findings and a negative histological diagnosis of PTC, we found 2 patients with confirmed metastatic PTC located only in their cervical LNs. PTCs in these 2 patients could be defined as true disappearing PTCs in the thyroid gland.
In patient 1, US findings of the thyroid nodule showed a 0.8-cm-sized solid ovoid-shaped isoechoic nodule with an ill-defined margin and microcalcification in the left lower pole of the thyroid ( fig. 1 a) . A 0.6-cm-sized indeterminate cervical LN was also found in the level VI cervical area ( fig. 1 b) . The FNA was performed only for the thyroid nodule and the cytology finding was consistent with PTC ( fig. 1 c) . A 0.7-cm-sized, ovoid, and ill-defined nodule was seen in the left lower pole of the thyroid after surgery. Microscopically, there was only a fibrotic lesion background of chronic lymphocytic thyroiditis at the site of the thyroid FNA and no evidence of PTC in the thyroid. There was an acellular dense sclerotic lesion produced by laying out of collagen in the thyroid tissues ( fig. 1 d) . Metastatic PTC was found in 3 (one right and 2 left) of 19 dissected central LNs ( fig. 1 e) .
In patient 2, there was a 0.7-cm-sized solid ovoid hypoechoic thyroid nodule with a well-defined, smooth margin and microcalcification in the left lower pole in thyroid US ( fig. 2 a) . There was a 0.8-cm-sized cervical LN in the left paratracheal area ( fig. 2 b) . FNA was performed only for the suspicious thyroid nodule, and the cytology finding was consistent with PTC ( fig. 2 c) . A 1.5-cm-sized ovoid ill-defined mass was found in the left lower pole of the thyroid after surgery. No malignant cells suggesting PTC could be identified on microscopic examination. However, there were histologic alterations caused by FNA with hemorrhagic infarct, fibrosis, and cholesterol granuloma including punctate calcification at the site of the thyroid FNA. In the cholesterol granuloma, there was a cholesterol cleft surrounded by histiocytes and fibrosis as shown in figure 2 d. We found metastatic PTC in 4 (one left paratracheal and 3 left pretracheal) of 12 dissected cervical LNs ( fig. 2 e) .
Patients without Evidence of PTCs in Both Thyroid and Cervical LNs
In patient 3, US findings of a thyroid nodule from the left mid-portion of the thyroid revealed a 0.3-cm-sized solid hard ovoid hypoechoic nodule with a smooth margin ( fig. 3 a) . The preoperative FNAC finding showed a typical pattern of PTC with papillary clusters of atypical follicular cells and nuclear atypia including intranuclear enlargement, pale chromatin, nuclear grooves, and eccentric micronucleoli ( fig. 3 b) . However, there was a fibrotic change suggestive of nodular hyperplasia and no evidence of PTC on microscopic examination ( fig. 3 c) .
No remarkable histologic alteration or evidence of PTC was observed on histological examination of the remaining 3 patients (patients 4-6). The preoperative FNAC findings of these patients were hypercellular papillary or disorganized mono-layered sheets with nuclear atypia ( fig. 4 ) . In patient 4, there was a 0.6-cm-sized solid hypoechoic nodule with an irregular, ill-defined margin on thyroid US ( fig. 4 a) . The preoperative FNAC finding was consistent with PTC ( fig. 4 b) . However, microscopic examination revealed chronic lymphocytic thyroiditis and no evidence of malignancy.
Patient 5 had a generally enlarged thyroid with multiple solid nodules in both thyroid lobes on US. The size of each nodule was approximately 1.0 cm, and some solid fig. 4 c) . FNAC revealed PTC ( fig. 4 d) , and there were multiple well-circumscribed masses up to 2.5 cm in size on gross examination. Microscopically, however, nodular hyperplasia with large dystrophic calcification in fibrotic stroma was observed in both lobes of the thyroid with no suggestion of malignancy.
In patient 6, a 0.6-cm-sized mixed isoechoic thyroid nodule with well-defined margin was observed in the right lower pole of the thyroid on preoperative US ( fig. 4 e) .
The FNAC finding showed a typical pattern of PTC ( fig. 4 f) . However, there was neither a definite nodule nor features of PTC in the thyroid specimen.
Discussion
In this study, we have described the clinical, cytological and histological characteristics of 6 patients with positive cytology findings and a negative histological diagno- sis of PTC in the thyroid after a comprehensive cytopathological review. Two patients were found to have metastatic PTC in cervical LNs and no evidence of malignancy in the thyroid, and this was strongly indicative of true disappearing PTC after FNA. In 3 patients (including 2 patients with metastatic PTC in cervical LNs), papillary microcarcinomas were resolved after an FNA secondary to infarction, fibrosis, and inflammatory changes. One possibility for positive cytology findings and a negative histological diagnosis of PTC in the thyroid may be a false positive result of PTC in FNAC. Benign thyroid nodules could have nuclear atypia mimicking that of PTC and produce a false-positive result of PTC in FNAC [10] . Characteristic features of atypical nucleus of PTC cells are nuclear grooves and/or pseudoinclusions. However, these are seen in other benign and malignant conditions of the thyroid, including chronic lymphocytic thyroiditis, nodular hyperplasia, hyalinizing trabecular adenoma, Hürthle cell tumor, and medullary thyroid carcinoma [11] [12] [13] . Some nodular hyperplasias have cytopathological features 209 similar to those of PTC, such as papillary clusters, nuclear atypia including intranuclear grooves, and poorly formed intranuclear pseudoinclusions [6, 14] . Overlap of these cytopathological features is reported in about 17% of cases with nodular hyperplasia [15] . Chronic lymphocytic thyroiditis also has morphological features that mimic PTC. In particular, some small thyroid nodules within chronic lymphocytic thyroiditis tend to have atypical nuclei that are indistinguishable from nuclear features of microcytic PTC [16, 17] . Chronic lymphocytic thyroiditis can display large syncytial fragments, papillary clusters, and atypical nuclear changes including nuclear enlargement, marked nuclear membrane irregularities, chromatin clearing, and nuclear grooves [6, 17] . Papillary clusters of follicular cells are also observed in some cases of papillary hyperplastic nodule or papillary Hürthle cell carcinoma. In these cases, papillary formation associated with marked cytoplasmic oncocytic change and nuclear atypia could lead to a false-positive diagnosis of PTC [6] . Four patients in our series had other benign thyroid diseases, including chronic lymphocytic thyroiditis and nodular hyperplasia. In this study, we searched FNAC reports for patients who had undergone thyroidectomy in our institute during study period. So, we did not know how many thyroid FNAs in total have been performed in our institute and could not provide a false-positive rate of FNA. FNA causes histologic alterations in the thyroid after needle passage. These histologic alterations may also lead to positive cytology findings and a negative histological diagnosis of PTC in the thyroid. Histologic alterations caused by FNA are reported in approximately 38% of cases who underwent FNA [18, 19] . Hemorrhage was the most common finding (80%), followed by fibrosis, infarction, nuclear atypia, capsular and/or vascular pseudoinvasion, and metaplasia [8] . Total infarction after FNA is also possible in very small thyroid nodules. Total infarction of a thyroid nodule may induce resolution of papillary microcarcinoma in the thyroid gland (true disappearing PTC). We routinely use 23-gauge needles for FNA procedures, which may cause infarction of tumors, especially papillary microcarcinomas.
Conversely, follicular cells along the needle tracks can undergo changes such as nuclear enlargement and marked nuclear chromatin clearing. Worrisome lesions, especially nuclear enlargement, chromatin clearing, and prominent nucleoli were occasionally present in cytology specimens after aspiration [6] . This reactive nuclear atypia after FNA could also cause a false-positive diagnosis of PTC in FNAC. There are two possibilities when histologic alterations caused by the FNA procedure lead to positive cytology findings and a negative histological diagnosis of PTC in the thyroid: a true disappearing PTC and a false-positive diagnosis of PTC after FNA. Thus, when histologic alterations caused by FNA are suspected, some experts recommend repeated FNA after more than 3 months from the time of initial FNA [6] .
If there is evidence of PTC in FNAC and no evidence of PTC in the surgically removed thyroid specimen, the presence of metastatic PTC in cervical LNs is indisputable evidence of disappearing PTC after FNA. Epstein et al. [20] reported a case in which FNA caused complete infarction of the PTC in the thyroid gland. However, metastatic PTC was found in central LNs. Eze et al. [7] also described disappearing thyroid tumors in 3 cases, but they did not find any LN metastasis.
Positive cytology findings and a negative histological diagnosis of PTC in the thyroid may occur in small thyroid nodules. In the present study, all cases fitting the aforementioned criteria were papillary microcarcinomas. None of these patients had clinical evidence of residual or recurrent PTC during a mean of 4.3 years of follow-up.
In conclusion, both phenomena of disappearing PTC and a false-positive result of FNAC should be considered in patients with positive cytology findings and a negative histological diagnosis of PTC in the thyroid.
